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For microcontroller applications which require more 
than one serial port, the 83C51FA Programmable 
Counter Array (PCA) can implement additional half- 
duplex serial ports. If the on-chip UART is being used 
as an inter-processor link, the PCA can be used to in- 
terface the 83C51FA to additional asynchronous lines. 

This application uses several different Compare/Cap- 
ture modes available on the PCA to receive or transmit 
bytes of data. It is assumed the reader is familiar the 
PCA and ASM5I. For more information on the PCA 
refer to the "Hardware Description of the 83C51FA" 
chapter in the Embedded Controller Handbook (Order 
No. 210918). 



Introduction 

The figure below shows the format of a standard 10-bit 
asynchronous frame: 1 start bit (0), 8 data bits, and 1 
stop bit (1). The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
start bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are eight data bits which are trans- 
mitted least significant bit first. The stop bit is set to the 
opposite state of the start bit to guarantee that the lead- 
ing edge of the start bit will cause a transition on the 
line. It also provides a dead time on the line so that the 
receiver can maintain its synchronization. 

Two of the Compare/Capture modes on the PCA are 
used in receiving and transmitting data bits. When re- 
ceiving, the Negative-Edge Capture mode allows the 
PCA to detect the start bit. Then using the Software 
Timer mode, interrupts are generated to sample the in- 
coming data bits. This same mode is used to clock out 
bits when transmitting. 

This Application Note contains four sections of code: 

( 1 ) List of variables 

(2) Initialization routine 



(3) Receive routine 

(4) Transmit routine. 

A complete listing of the routines and the test loop 
which was used to verify their operation is found in the 
Appendix. A total of three half-duplex channels were 
run at 2400 Baud in the test program. The listings 
shown here are simplified to one channel (Channel 0). 



Variables 

Listing 1 shows the variables used in both the receive 
and transmit routines. Flags are defined to signify the 
status of the reception or transmission of a byte 

(e.g. RCV START BIT, TXM START BIT). 

RCV_BUF and TXM BUF simulate the on-chip se- 
rial port SBUF as two separate buffer registers. The 

temporary registers, RCV REG and TXM REG, 

are used to save bits as they are received or transmitted. 
Finally, two counter registers keep track of how many 
bits have been received or transmitted. 

Variables are also needed to define one-half and one- 
full bit times in units of PCA timer ticks. (One bit time 
= 1 / baud rate.) With the PCA timer incremented 
every machine cycle, the equation to calculate one bit 
time can be written as: 



Osc. Freq. 



bit time (in PCA timer ticks) 



(12) • (baud rale) 
In this example, the baud rate is 2400 at 16 MHz. 



16 MHz 
(12) ■ (2400) 



556 counts =■- 22C Hex 



The high and low byte of this value is placed in the varia- 
bles FULL BIT^HIGH and FULL_BIT_LOW, 

respectively. 115H is the value loaded into 
HALF BIT HIGH and HA LF BIT LOW. 



STOP 



10-BIT FRAME - 
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Listing l. Variables used by the software serial port. Channel 



; Receive Routine 










RCV_START BIT 





BIT 


2 OH 





■ Indicates start bit 














• has been received 




RCVJDONE 




BIT 


20H 


1 


• Indicates data byte 














• has been received 




RCV_BUF_0 




DATA 


30H 




■ Software Receive 














"SBUF" 




RCV REG 




DATA 


31H 




Temporary register 














for receive bits 




RCV COUNT 




DATA 


32H 




Counter for receiving 














bits 




Transmit Routine: 










TXM START BIT 


_0 


BIT 


20H 


3 


Indicates start bit 














has been transmitted 




TXM IN PROGRESS 


BIT 


20H 


4 


Indicates transmit is 














in progress 




TXM BUF 




DATA 


34H 




Software transmit 














" SBUF " 




TXM REG 




DATA 


3 5H 




Temporary register 














for transmitting bits 




TXM COUNT 




DATA 


3 6H 




Counter for transmit- 














ting bits 




DATA 




DATA 


37H 




Register used for the 














test program 




NEG EDGE 




EQU 


11H 




Two modes of operation 




S W TIMER 




EQU 


4 9H 




for compare/capture 














modules 




HALF BIT HIGH 




EQU 


01H 




Half bit time = 115H 




HALF "BIT LOW 




EQU 


15H 








FULL BIT HIGH 




EQU 


02H 




Full bit time = 22CH 




FULL "BIT LOW 




EQU 


2CH 




2400 Baud at 16 MHz 
















270531 -4 



2 



AB-41 



Initialization 

Listing 2 contains the intialization code for the receive and transmit process. Module of the PCA is used as a 
receiver and is first set up to detect a negative edge from the start bit. Modules 2 and 3 are used for the additional 2 
channels (see the Appendix). Module 3 is used as a separate software timer to transmit bits. 



Listing 2. Initialization Routine 



ORG O000H 






1 IMP TMTTTAT T 7 F 












LJMP RECEIVE DONE 


i j.m<»r oversow 






S 1 m VI i '3 1 .S K 1 L P. V, e 2 t U p 1 




ORG 0033H 






LJMP RECEIVE 


PCA interrupt. 




INITIALIZE: MOV SP, #5FH 


Initialize stack pointer 






(specific to test program] 




INIT_PCA: MOV CMOD, #0 0H 


Increment PCA timer 






@ 1/12 Osc Frequency 




MOV CCON, #0 0H 


Clear all status flags 




MOV CCAPMC, #NEG EDGE 


Module in negative-edge 






trigger mode (PI . 3) 




MOV CCAPM3, is W TIMER 


Modulo 3 as software t 1 "i^r 






mode 




MOV CL, #00H 






MOV CH, #00H 






MOV IE, #0D8H 


1 n 1 1 ci i 1 needed i n te r rup t s 






EA, EC, ES, ET1 




SETS CR 


Turn on PCA Counter 
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All flags and registers from Listing l should be cleared in the initialization process 



Receive Routine 

Two operating modes of the PCA are needed to receive bits The module must first be able to detect the leading edge 
of a start bit so it is initially set up to capture a l-to-0 transition (i.e. Negative-Edge Capture mode). The module is 
then reconfigured as a software tinier to cause an interrupt at the center of each bit to deserialize the incoming data. 
The flowchart for the receive routine is given in Figure 1. 
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Reconfigure 
PCA module as 
software 
timer 



Add ^ bit 
time to 
compare/capture 
registers 



C 



Sample 
Input pin 



Add 1 bit 
time to 
compars/captui 
registers 




Store 
received byte 



Set receive 
done flog 



Generate "Rl" 
interru pt 



Add 1 bit 
time to 
compare/capture 
registers 



Reconfic 
modi 
captur 
trans 


ure PCA 
le to 
e 1 - 
tions 


1 


Cle 
status 


or 

flogs 



c 



Reconfigure PCA 

module to 
capture 1-0 
transitions 



C 



Figure 1. Flowchart for the Receive Routine 
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Listing 3.1 shows the code needed to detect a start bit. Notice that the first software timer interrupt will occur one- 
half bit time after the leading edge of the start bit to check its validity. If it is valid, the RCV START BIT is set. 

The rest of the samples will occur a full bit time later. The RCV COUNT register is loaded with a value of 9 which 

indicates the number of bits to be sampled: 8 data bits and 1 stop bit. 



Listing 3.1. Receive Interrupt Routine 



RECEIVE : 


PUSH ACC 








PUSH PSW 






MODULE : 


CLR CCFO 


, Assume rsccpt ion on 








,* Module? 






MOV A, CCAPMO 


; Check mode of module. If 






ANL A, #01111111B 


; set up to receive negative 






CJNE A, #NEG EDGE, RCV 


START ; edges, then module 








,* is waiting for a start bit 






CLR C 


; Update compare/capture 






MOV A, #HALF BIT LOW 


; registers for half bit time 






ADD A, CCAPOL 


; to sample start bit 






MOV CCAPOL, A 


; Half bit time = 115H 






MOV A, jfHALF BIT HIGH 








ADDC A, CCAPOH 








MOV CCAPOH, A 








MOV CCAPMO, #S W TIMER 


; Reconfigure module as 






POP PSW 


; a software timer to sample 






POP ACC 


; bits 






RET I 








_0 : CJNE A, #S W TIMER, 


ERROR_0 ; Check module is 








; configured as a software 








; timer, otherwise error. 






JB RCV__START_BIT 0, RCV BYTE ; Check if start bit 








; is received yet . 






JB PI . 3, ERROR 


; Check that start bit = 0, 








; otherwise error. 






SETB RCV START BIT 


; Signify valid start bit 








; was received 






MOV RCV_COUNT 0, #0 9H 


; Start counting bits sampled 






CLR C 


; Update compare/capture 






MOV A, rfFULL BIT LOW 


; registers to sample 






ADD A, CCAPOL 


; incoming bits 






MOV CCAPOL, A 


; Full bit time = 22CH 






MOV A, #FULL BIT HIGH 








ADDC A, CCAPOH 








MOV CCAPOH, A 








POP PSW 








POP ACC 








RET I 
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The next 8 timer interrupts will receive the incoming data bits; the RCV^COUNT register keeps track of how many 

bits have been sampled. As each bit' is sampled, it is shifted through the Carry Flag and saved in RCV REG. The 

ninth sample checks the validity of the stop bit. If it is valid, the data byte is moved into RCV BUF. 



The main routine must have a way to know that a byte has been received. With the on-chip UART, the RI (Receive 
Interrupt) bit is set whenever a byte has been received. For the software serial port, any unimplemented interrupt 
vector can be used to generate an interrupt when a byte has been received. This routine uses the Timer I Overflow 
interrupt (its selection is arbitrary), A routine to test this interrupt is included in the listing in the Appendix. 



Listing 3.2. Receive Interrupt Routine (Continued) 



RCV 


BYTE 


U. DJIMZ. KLV LA'UI>j1 U, KLV 


Jrtift J , un yen bail p.i 










,■ chsck. for valid stop bit 




RCV 


STOP 


U . JNB rl . D, LKKJK U 










MHU Cf""\7 RI1F fl Dpu HTTP fl 


Save received b ,f e in 










receive bBUt 








odId RLv U , 


h lag which module received 










a byte 








SETB TF1 


Generate an interrupt so 










main program knows a byte 










has been received 










(Note: selection of Tfc n l is 










arbic rary ] 








MOV CCAPMC, #NEG_EDGE ; 


Reconfigure module for 










Reception of a start bit. 








pop psw 










POP ACC 










RET I 






RCV 


DATA 


: MOV C , P L . 3 


Samp Ling data bits 








MOV A, RCV REG 


Shifts bits thru CY into 








RRC A 


ACC 








MOV RCV REG 0, A 


Save each reception in 










temporary register 








CLR C 


Update c/c register fcr 








MOV A, #FULL BIT LOW 


next sample time 








ADD A, CCAPOL 










MOV CCAPOL, A 










MOV A, #FULL BIT HIGH 










AD DC A, CCAPOH 










MOV CCAPOH, A 










POP PSW 










POP ACC 










RET I 














270531-7 



In addition, an error routine (Listing 3.3) is included for invalid start or stop bits to offer some protection against 
noise. If an error occurs, the module is re-initialized to look for another start bit. 



Listing 3.3 Error Routine for Receive Routine 



ERROR 0: 


MOV CCAPMO, #NEG EDGE 


; Reset module to look foi 








; start bit 






CLR RCV START BIT 


; Clear flaqs which might 








; have been set 






POP PSW 








POP ACC 








RET I 
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Transmit Routine 

Another PCA module is configured as a software timer to interrupt the CPU every bit time. With each timer 
interrupt one or more bits can be transmitted through port pins. In the test program three channels were operated 
simultaneously, but in the listings below, one channel is shown for simplicity. The selection of port pins is user 
programmable. The flowchart for the transmit routine is given in Figure 2. 




Transmit 
stop bit 



Clear 
transmit in 
progress flag 



T 



Add i bit 
time lo 
cornpare/ capture 
registers 



( BETI ) 
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Figure 2. Flowchart for the Transmit Routine 

When a byte is ready to be transmitted, the main program moves the data byte into the TXM BUF register and sets 

the corresponding TXM IN PROGRESS bit. This bit informs the interrupt routine which channel is transmit- 
ting. The data byte is then moved in the storage register TXM REG, and the TXM COUNT is loaded. This main 

routine is shown in Listing 4.1. 



Listing 4. 1 Transmit Set Up Routine. Channel 0. 



TXM ON 0: CLR TXM START BIT 


; Clear status flag from 
; previous transmission 




MOV TXM BUF 0, DATA 


; Load "SBUF" with data byte 




MOV TXM REG "0, TXM BUF 







MOV TXM COUNT 0, #09 


; 8 data bits + 1 stop bit 




SETB TXM IN PROGRESS 
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Listing 4.2 shows the transmit interrupt routine. The first time through, the start bit is transmitted. As each 

successive interrupt outputs a bit, the contents of TXM REG is shifted right one place into the Carry flag, and the 

TXM_COUNT is decremented. When TXNLCOUNT equals zero, the stop bit is transmitted. 



Listing 4.2. Transmit Interrupt Routine 



TRANSMIT: PUSH ACC 
PUSH PSW 

CLR CCF3 ; Clear s/w timer interrupt 

for transmitting bits 
JNB TXM_IN_PROGRESS_0, TRANSMIT__1 ; Check which 

channel is transmitting. 
"TRANSMIT ^1 11 is listed in 
the Appendix 

TRANSMIT_0 : JB TXM_START_BIT_0, TXM_BYTE_0 ; If start bit 

; has been sent, continue 
; transmitting bits. 
CLR P3.2 ; Otherwise transmit start 

; bit 

SETB TXM_START_BIT_0 ; Signify start bit sent 
JMP TXM_EXIT 

TXM_BYTE_0: DJNZ TXM_COUNT_0, TXM_DATA_0 ; If bit count 

; equals 1 thru 9, transmit 
; data bits (8 total) 

When bit count = 0, 
transmit stop bit 
Indicate transmission is 
finished and ready for 
next byte 



TXM_STOP_0: SETB P3.2 

CLR TXM_IN_PROGRESS_0 

JMP TXM^EXIT 

TXM_DATA_0 : MOV A, TXM_REG_0 
RRC A 

MOV P3.2, C 

MOV TXM_REG_0, A 

TXM_EXIT: CLR C 

MOV A, #F'JLL_BIT_LOW 

ADD A, CCAP3L 

MOV CCAP3L, A 

MOV A, #FULL_BIT_HIGH 

ADDC A, CCAP3H 

MOV CCAP3H, A 

POP PSW 

POP ACC 

RETT 



Transmit one bit at a time 
through the carry bit 

Save what's not been sent 

Update compare value with 
Full bit time = 22CH 



Conclusion 

The software routines in the Appendix can be altered to vary the baud rate and number of channels to fit a particular 
application. The number of channels which can be implemented is limited by the CPU time required to service the 
PCA interrupt. At higher baud rates, fewer channels can be run. 

The test program verifies the simultaneous operation of three half-duplex channels at 2400 Baud and the on-chip 
full-duplex channel at 9600 Baud. Thirty-three percent of the CPU time is required to operate all four channels. The 
test was run for several hours with no apparent malfunctions. 
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DOMESTIC SALES OFFICES 



ALABAMA 

Tlmel Corp 

5015 Bradford Dr . 42 
HuntsvNIe 35805 
Tel' (205) 830-4010 
FAX (205) B37 2640 

ARIZONA 

Tlmel Corp 
11225 N 28th Dr 
Suite D-214 
Phoenix 85029 
Tel (602) 869-4980 
FAX (G02) 869-4294 

Intel Co:o 

7225 N Moia Lisa Rd 

Suite 215 

Tucson 85741 

Tel (602) 544-0227 

FAX (602) 544-0232 



CALIFORNIA 

tlnlel Corp 

21515 Vanower Street 
Suile 116 

Canoga Park 91303 
Tel (818) 704-8500 
FAX (818) 340-1144 

Tlmel Corp 

2250 E Imperial Highway 

Surle 218 

£1 Segundo 90245 

Tel (213)640 6040 

FAX (213) 640-7133 

I rile I Corp 
i Sierra Gate Pia;a 
Suite 280C 
Roseville 35678 
Tel (916) 782-8086 
FAX (916) 782 8153 

Tlntel Corp 

9665 Chesapeake Dr 

Suite 325 

San Diego 92123 

Tel (619) 292 8086 

FAX (619) 292-0628 

-tlntel Corp • 

400 N Tustin Avenue 

Suite 450 

Santa Ana 92705 

Tel ( 714) 835-9642 

TWX 910 595 11T4 

FAX (714) 541-9157 

tlmel Corp * 
San Tomas 4 

2700 San Tomas Expressway 

2nd Ftoor 

Santa Clara 95051 

Tel (408) 9B6-80B6 

TWX 910-33B0255 

FAX (408) 727 2620 



COLORADO 

Intel Corp 

4445 Norlhpark Drive 
Suile 100 

Colorado Sprigs 90907 
Tel [719) 594 6622 
FAX (303) 594-0720 

tlntel Corp * 
650 S Cherry Si 
Sune 915 
Denver 80222 
Tel [303) 321 8086 
1WX 910-931-2289 
FAX (303) 322 8670 



CONNECTICUT 

tlnlel Corp 

301 Lee Farm Corporate Park 
83 Wooster Heights Rd 
Danbury 06610 
Tel (203) 748-3130 
FAX (203) 794 0339 

FLORIDA 

Tlntel Corp 

6363 N W 6lh Way 

Suite 100 

Ft Lauderoale 33309 
Tel (305) 771 -0600 
TWX 510 956 9407 
FAX (305) 772-8193 

Tlmel Corp 

5850 T G Lee Blvd 

Suite 340 

Orlando 32822 

Tel [407)240-6000 

FAX (4071 240-8097 

Intel Carp 

11300 4th Street North 
Suite 170 

Si Petersburg 33716 
Tel (313) 577 2413 
FAX (813) 578 1607 

GEORGIA 

Intel COrp 

20 Technology Parkway. N W 
Suite I50 
Norcross 30092 
Tel (404) 449-0541 
FAX (404) 605-9762 

ILLINOIS 

Tlntel Corp ' 

300 N Martingale Road 

Suite 400 

Schaumburg 80173 
Tel (70B) 605-8031 
FAX (708) 706-9762 

INDIANA 



Indianapolis 46268 
Tel (317) 675-0623 
FAX (317) 675-6938 

IOWA 

Intel Corp 

1930 St Andrews Drive N E 
2nd Floor 

Cedar Rapids 52402 
Tel (319) 393-1294 

KANSAS 

Tlniel Corp 
10985 Cody Si 
Suite 140. Bldg 
Overland Park 66210 
Tel (913) 345-2727 
fAX (913) 345 2076 

MARYLAND 

tlmel Corp * 
10010 Junction Dr 
Suite 200 

Annapolis Junction £0701 
Tel (30 I) 206-2860 
FAX [301) 206-3677 
(301) 206-3678 



MASSACHUSETTS 

Tlntel Corp • 
Westtord Corp Center 
3 Carlisle Road 
2nd Floor 
Westtord 01886 
Tel' (506) 692-3222 
TWX 710-343-6333 
FAX (506) 692 7667 

MICHIGAN 

tlnlel Corp 

7071 Orchard Lake Road 
Suite 100 

West Bloomlield 46322 
Tel (313) 851 B096 
FAX (313) 851 6770 

MINNESOTA 

Tlntel Corp 
3500 W 80th St 
Suite 360 

Bloomingion 55431 
Tel (612) 635-6722 
TWX 910-576-2867 
FAX (612) 631-6497 

MISSOURI 

Tlntel Corp 

4203 Eanh City Expressway 

Sunte i3i 

Earlh City 63045 

Tel (314) 291 199& 

FAX (314) 291-4341 

NEW JERSEY 

tlntel Corp * 

Parkway 1 09 Office Center 
328 Newman Spnngs Road 
Red Bank 07701 
Tel (201) 747-2233 
FAX- [201) 747 09B3 

tlnlel Co<p 
£60 Corporate Center 
75 Livingslon Avenue 
Fust Floor 
Hoseland 07068 
Tel (201 j 740-0111 
FAX (201) 740 0626 

NEW YORK 

Intel Corp * 

850 Cross Keys Offce Park 

Fairpon 14450 

Tel 1716) 425-2750 

TWX 510-253-7391 

FAX (716) 223-2561 

tlntel Corp * 

2950 Expressway Dr Soulh 

Suite 130 

Islandia 11722 

Tel (5)6) 231-3300 

TWX 510-227-6236 

FAX (516) 34B-7939 

Tlntel Corp 

Westage Business Center 
Bldg 300 Route 9 
Fishkill 12524 
Tel (914) 897 3860 
FAX (914) 897 3125 

NORTH CAROLINA 

Tlnlel Corp 

5800 Executive Center Dr 
Suite 105 
Charlotte 28212 
Tel (704] 568-6966 
FAX (704) 535-2236 



Intel Corp 

5540 Centemew Dr 
Suite 215 
Raleigh 27606 
Tel (919) 851-9537 
FAX [9191 851-8974 

OHIO 

tmtei Co'p * 

3401 Park Center Drive 

Suite 220 

Dayton 45414 

lei (513) 890-5350 

TWX 810-450 2528 

FAX (513) 8S0-665B 

Tlntel Corp * 

25700 Science Park Dr 

Suite 100 

Beachwood 44122 

Tel (216) 464-2736 

TWX 810-427-9298 

FAX (804) 282-0673 

OKLAHOMA 

Intel Corp 

6601 N Broadway 

Sutle 1 15 

Oklahoma City 73162 
Tel (405) 648-6086 
FAX (405) 840 9B1 r 

OREGON 

Tlntel Corp 

15254 N W. Greenbrier P 
Building B 
Beaverton 97005 
Tel (503) 645-8051 
TWX. 910-467-8741 
FAX (503f 645 
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PENNSYLVANIA 

Tlnlel Corp ' 

455 Pennsylvania Avenue 
Suite 230 

Fon Washington 19034 
Tel (215) 641-1000 
TWX 510-661-2077 
FAX [215) 641-0785 
tlntel Corp * 
400 Penn Center Bivd 
Suite 610 
Pittsburgh 15235 
Tel (412) B23-4970 
FAX (412) 829 7576 

PUERTO RICO 

Tlntel Corp 
South Industrial Park 
P O Box 910 
Las Piedras 00671 
Tel (B09) 733-8616 

TEXAS 

Intel Corp 

891 1 Capnal or Texas Hwy 
Austin 78759 
Tel (512) 794-8086 
FAX (512) 339-9335 

Tlnlel Corp * 
12000 Ford Road 
Suite 400 
Dallas 75234 
Tel (214) 241-6087 
FAX (214) 484-1180 
tlntel Corp * 
7322 S W Freeway 
Suite 1490 
Houston 77074 
Tel (713) 988-8086 
TWX 910-661-2490 
FAX (713) 988 3660 



UTAH 

Tlntel Corp 

428 East 6400 South 

Suite 104 

Murray 84107 

Tel (801) 263-6051 

FAX fSOl) 26B 1457 



VIRGINIA 

tlntel Corp 

1504 Sania Rosa Road 
Suite 106 
Richmond 23288 
Tel (804) 282-5668 
FAX (216) 464 2270 



WASHINGTON 

Tlntel Corp 

155 106th Avenue N E 
Suite 3B6 
Bellevue 98004 
Tel (206) 453 B086 
TWX 910-443-3002 
FAX (206) 451-9556 

Intel Corp, 
408 N Mullan Road 
Suite 102 
Spokane 99206 
Tel (509) 928 8U86 
FAX (509) 928-9467 

WISCONSIN 

Intel Corp 

330 S Executive Dr 
Suite 102 
BrooMield 53005 
Tel. (414) 784-8087 
FAX (414) 796-2115 



CANADA 



BRITISH COLUMBIA 

Intel Semiconductor ol 
Canada, Ltd 
4585 Canada Way 
Suite 202 
Burnaby V5G 4L6 
Tel (604) 298-0387 
FAX (604) 298-8234 

ONTARIO 

Tlnlel Semiconductor of 

Canada. Ltd 

2650 Queensvhew Drive 

Suite 250 

Otlawa K2B 8H6 

Tel. (613) 829-9714 

FAX (613) 820 5936 

tlntel Semiconductor ol 
Canada. Ltd 
190 Atwell Drive 
Suite 500 
Rexdale M9W 6H8 
Tel <4t6) 675-2105 
FAX (416) 675-243B 



QUEBEC 

Intel Semiconductor ol 
Canada, Lid 
620 St Jean Boulevard 
Pointe Claire H9R 3K2 
Tel (514) 694-9130 
FAX 514-694-0064 



tSales ant) Service Office 
"Field Application Location 
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EUROPEAN SALES OFFICES 



DENMARK 

Intel Denmark AS 
Glenievej 61 3rd Floor 
2400 Copenhagen NV 
Tei (45* (31) 19 80 33 
TLX 19567 

FINLAND 

Intel Finland OY 
Ruosilanlie 2 
00390 Helsinki 
Tel (358) 544 644 
TLX 123332 

FRANCE 

Intel Corporation S A R L 
1 Hue Edison QP 303 
78054 Si Quenim en Yvelines 
Ceden 

Tei (33! [1; 30 57 70 00 
TLX 699010 



WEST GERMANY 

Intel Semiconductor GmbH' 

Dornacher Strasse 1 

B0 16 Feldk.rcnen bt=i Muenchen 

Tel (491 08S 90992-0 

TLX 5-23177 

Intel Semiconouctor GmbH 
Hohenzollern Sirasse 5 
3000 Hannover 1 
Tei i49j 051 | 34408 i 
TLX B 23625 

Intel Senncci iductor GrnroH 

Abraham Lincoln Sirasse 16 18 

6200 Wiesbaden 

Tel (491 06121 76C5-0 

TLX 4-186183 

Intel Semiconductor GmbH 

Zetlaclvmg 10A 

700C Stuttgart 80 

Tel (49) 071 l 7287 280 

TLX 7 254826 



ISRAEL 

Intel Semiconductor Lid " 

Atidim Industrial Park-Neve Snarei 

P O Box ^3202 

Tel Aviv 61430 

Tel (972) 3 54B 3222 

TLX 371215 



ITALY 

Intel Corporation llalia S p A * 
Milanolion Palazzo E 
20090 Assago 
Milano 

Tel (391 <02) 89200950 
TLX 34 1286 



NETHERLANDS 

Intel Semiconductor B V " 
Postbus 84130 
3099 CC Rotterdam 
Tel (31110 407 1111 
TLX 22283 



NORWAY 

Intel No'way AS 
Hvamve.en 4 PO Box 92 
2013 Sk|etien 
Tel (47) (6) 642 420 
TLX 78016 



SPAIN 

Intel Iberia S A 
Zurbaran 28 
28010 Madrid 
Tel i34) (11 308 25 52 
TLX 46880 



SWEDEN 

Intel Sweden A E3 * 

Dalvagen 24 

171 35 Solna 

Tel. (46! 8 734 01 00 

TLX 12261 



SWITZERLAND 

Inie' Semiconductor A G 
Z/uenchstrasse 

8185 Winkel Rueti bei Zuench 
Tel (4 I j ot. ■'860 62 62 
TLX 825377 



UNITED KINGDOM 

iniel Corporation (U K ) Ltd * 
Pipers Way 

Swndon. Wiltshire SM3 1 RJ 
Tel (44) (0793) 696000 
TLX 444447-8 



EUROPEAN DISTRIBUTORS/REPRESENTATIVES 



AUSTRIA 

B^cher Eleclroncs GmbH 
Holenmuehigasse 26 
1 1 20 Wien 

Tel i431 (02221 83 56 46 
TLX 31532 

BELGIUM 

Inelco Belgium S A 

Av 6ss Croix de Guerre 94 

1 120 EJruxelies 

OorlogsKruisenlaan 94 

1 120 Brussel 

Te' (321 (02) 216 01 60 

TLX 64475 or 22090 

DENMARK 

ITT Mullfkomponen.t 

Naverland 29 

26G0 Glostruo 

Tel (45) [01 2 45 66 45 

TLX 33 355 

FINLAND 

OY Fintronif. A8 
Melkonkatu 24A 
00210 Helsinki 
Tel (358) [0) 6926022 
TLX 124224 

FRANCE 

Almen 

Zone inausti-elle d'Aniony 
48. rue de I Aubepine 
BP 102 

92164 Antony cedex 
Tel (331 (1) 4B 66 21 12 
TLX 250067 

Jerrnyn Genenrn 

60. rue des Gemeauv 

Sihc 5B0 

Q4S53 RungiE cedex 
lei (33) (1) 49 78 49 78 
TLX- 261 565 
Melrologie 
Tour d Asnieres 
4. av Laurent Cely 
92606 Asme'es Cede* 
Tel [33i (I) 47 90 62 40 
TLX 611448 



Tekelec Airtromc 

Cue des Bruyeres 

Hue Carle Vernet BP 2 

92310 Sevres- 

fel (331 (11 45 34 75 35 

TLX 204552 

WEST GERMANY 

Electionic 2000 AG 
Stahigrubernng 12 
8000 Muenchen 82 
Tel |49) 089 42001-0 
TLX 52256) 

ITT MulUkomponent GmtjH 
Postlach 1265 
Bahnhptstrasse 44 
71 4 t Moeghncjen 
Tel i49l 0714 1 4879 
TLX 7264472 

Jerrnyn GmOH 
Im DacliGSlueck 9 
6250 Limburg 
Tel ;A9) 06431 508 
TLX 415257 
Metrologie GmbH 
Mpglmgerstrasse 49 
8000 Muenchen 71 
Tel i491 089 78042 
TLX 52 1 3 I 89 

Proelectron Vertnebs GmbH 
Mas Planck Sirasse 1-3 
6072 Dreieicn 
Tel 149) 06103.30434 3 
TLX 417903 

IRELAND 

Micro Marketing L'd 
Glenageary Office Park 
Glenageary 
Co Dublin 

Tel (21] (353) (Oil 65 63 25 
TtX 31584 

ISRAEL 

Easticucs Lid 
1 1 Hozanis Street 
P O 13 3S300 
Tei-Aviv 61392 
Tel (972: 03 475151 
TLX 33K38 



ITALY 

Intesi 

□ ivi 5 rone ITT Inoubtnes GmbH 

■J\a\e Milanolion 

Palazzo E 5 

20090 AssaejO (Mil 

Tel ( 39) 02 824701 

TLX 3i 1351 

Lasi Lletfonica S A 

y le Fulvio Testi 1 26 

20092 Cinisello Balsamn (Mil 

Tel ',391 02 2440012 

TLX 352040 



ITT Mul'.i components 
Viale Milanofion E 5 
20090 Assago (Ml) 
Tei (33) 02 824701 
TLX 31 1351 
Silvers'^ 

V'a Dei Graccni 20 
S0146 Miiano 
Tel (39) 02 49961 
TLX 3321G9 

NETHERLANDS 

Konmg en Hartnun Fleklrolecliniek 



D it ram 

Avemda Miguel Bombarda. 133 

1000 Lisboa 

Tei (35) (1) 54 b3 >3 

TLX 14182 

SPAIN 

ATE) Electronic S A 
Plaza Ciudad de Viena 6 
28040 Madr.d 
Tel (341 il ) 234 40 00 
TLX 42477 

ITT-3ESA 

Calle Miguel Angel, 21-3 
28010 Madrid 
Tel !34) rt) 419 09 57 
TLX 27461 

Meiroiogia ibenca S A 
Ct'a de Fuencarral n 80 
28100 Alcobendas (Madndl 
Tel (34i ( 1 ) 653 86 11 



Enercneweg 1 

2627 AP Dellt 

Tel (311 (0) 15 609906 

TLX 38250 



1 364 HualslaO 

Tei (4?) (02! «4 i32 10 
TLX 77546 

PORTUGAL 

ATD Portugal LDA 

Rua Dos Lusiadcs 5 Sala B 

1300 Lisboa 

Tgl (351 (11 ^4 tt.] si 

TLX 61562 



SWEDEN 

NOrdisk Elektronik AB 

Torsnamnsgalan 39 

Box 36 

164 93 Kista 

Tel i46) 08 03 46 30 

TLX 105 47 

SWITZERLAND 

IndusLrade A G 
Hertistrasse 31 
8304 Walhsellen 
Tel (41) (011 83281 i i 
TLX 56798 

TURKEY 

EMPA Electronic 
Lmdwurmslrasse 95A 
8000 Muenchen 2 
Tel {49) 089''53 80 570 
TLX 529573 

UNITED KINGDOM 

Accent Electronic Componems Lid 
Jubilee House, Jubilee Road 
Lelchworth Herts SG6 1TL 
Tel [44) (0462) 68B6B6 
TLX 626293 



Bytech Comway Systems 
3 The Western Centre 
Western Road 
BraCKnell RG12 iflW 
Tel 144) {0344) 55333 
TLX 847201 

Jerrnyn 
Veslry Eslale 

Ottora Road 

Sevenoaks 

Kent TN14 5EIJ 

Tel (44j (0732) 450144 

TLX 95142 



Heading 

Berkshire RG4 OAF 
Ter (44) (0734) 481666 
TLX 846669 

Hapia Silicon 
Rapid House 
Denmark Street 
High Wycombe 
Buckinghamshire HP11 2ER 
Tel (44) (0494) 442266 
TLX 837931 

Rapid Systems 
Rapid House 
Denmark Street 
High Wycombe 
Buckinghamshire HP 1 1 2ER 
Tel (44) (0494) 450244 
TLX 837931 



YUGOSLAVIA 

H R Microelectronics Corp 

2005 de la Cruz Blvd . Sle 223 
Sania Clara. CA 95050 
USA 

Tsl (1 ) (4061 908 0286 
TLX 387452 

RapidO Electronic Components 
Spa 

Via C Beccana, 6 
34133 Trieste 
Italia 

Tel (39) 040/360555 
TLX 460461 



'Field Application Location 
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Intel 



INTERNATIONAL SALES OFFICES 



AUSTRALIA 

Intel Australia Pry Ltd * 
Spectrum Building 
200 Pacific Hwy . Level 6 
Crows Nest. MSE. 2065 
Tel 612-957-2744 
FAX 612-923 2632 

BRAZIL 

Iniel Semiconduiores do Brazil LTDA 
Av Pauhsia, 1 1 59-CJS 404.-405 
01311 Sao Paulo - SP 
Tel 55 1 1 2B7-5899 
TU< 3911153146 ISDB 
FAX 55 1 1 267 5119 

CHINA. HONG KONG 

Intel PRC Corporation 

15.F Office 1 . Cite Bldg 

J,an Quo Men Wai Street 

Beijing PRC 

Tel (1) 500-4050 

TU 22947 INTEL CN 

FAX (1} 500-2953 

Intel Semiconductor Lid " 

1 OF East Tower 

Bond Center 

Oueenswa> Central 

Hong Kong 

Tel (952) 844 4555 

FAX (852) 868 19B9 



INDIA 

Intel Asia Electronics Inc 

4;2 Sam rah Plaza 

St Mark's Road 

BangaJore 560001 

Tel 0i t 91-612-215065 

TLX 9538452875 DCBY 

FAX 09I-B12 215067 



JAPAN 

Intel Japan K K 

5-6 Tokodai. Tsukuba shi 

IbaraKj. 300 26 

Tel 0298-47-851 1 

TLX 3656- 1 60 

FAX 029B-47 8450 

Intel Japan KK" 
Danchi Mitsugi Bldg 
1 8889 Fuchu-cho 
Fuchu-shi Tokyo 183 
Tel 0423 60-7871 
FAX 0423-60-0315 

Intel Japan K K ' 
Bldg Ku ma gay a 
2-69 Hon-cho 

Kumagaya shi. Saitama 360 
Tel 0485-24-6871 
FAX 0485-24-751B 



Intel Japan K K " 

Wilsui-Seimei Musashi-kosugi Bldg 

915 Shinmaruko, Nakahara-ku 

Kswasaki-shi, Kanagawa 211 

Tel 044-733-7011 

FAX 044-733 7010 

Intel Japan K K 

Nihor Seimet Aisugi Bldg 

1 -2-i Asani-machi 

Atsugi shi Kanagawa 243 

Tfl 0462-29-3731 

FAX 0462-29-3781 

Imel Japan K K * 

Ryokuchi-Ek. Bldg 

2-4-1 Terauchi 

Toyonaka-sm. Osaka 560 

Tel 06 863 1091 

FAX 06-663-1084 

infe Japan k K 
Shinmaru Bldg 
1-5-1 Maninouch.' 
Ciiyoda-ku. Tokyo 100 
Tel 03-201-3621 
FAX 03-201 6B50 

Intel Japan K K 
G-een Bldg 
1-16-20 Nishiki 
Naka ku, Nagoya-sh: 
AiCHi 450 
Tel 052 204 126' 
FAX 052-204- 12e5 



KOflEA 



:l Te. 



:hnology Asia. Lid 
16th Floor. Life 8ldg 
6l Voido dong, Youngdeungpo-Ku 
Seoul 150-010 

Tel (2) 764 3136 6286, 8366 
TU< K29312 IIMTELKO 
FAX (2) 7B4-8006 



SINGAPORE 

Inlel Singapore Tpctinology. Ltd 

101 Thomson Hoad *21 -05/06 

Un.tod Square 

Singapore 1 130 

Tel 250 781 1 

TLX 39921 INTEL 

FAX 250 9256 



TAIWAN 

Inlel Technology Far East Ltd 

8th Floor No 205 

Bank Tower Bldg 

Tung Hua N floaa 

Taipei 

Tel 086 2 716-9660 
FAX 886-2-717-2455 



INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 



ARGENTINA 

Daisys S R I 
Chacabuco. 90-6 Piso 
1069 Buenos Aires 
Tel 54-1-334 7726 
FAX 54- 1 334 1871 

AUSTRALIA 

Email Electronics 

15-17 Hume Siree! 

Huntingdale 3166 

Tel 01161 3 544-8244 

TLX AA 30S95 

FAX 01 1 51 3 543-8179 

NSD Australia 
205 Middleborough Rd 
Bo* Hill Victoria 3126 
Tel 03 8900970 
FAX 03 6990819 

BRAZIL 

Elebra Microelectronics S A 
Rua Geraldo Flausina Gomes. 78 
7 Andai 

04575 Sao Pauto S P 
Tel 55-1 1 534-9641 
TLX 55 1 1-54593.54591 
FAX 55 1 1-534 9424 

CHINA/HONG KONG 

Novel Precision Machinery Co Lid 
Flal D. 20 Kmgslord Ind Bldg 
Phase 1 26 Kwai Hei Street 
N T . Kowloon 

Hong KOng 

Tel (852| 422 3222 
TWX 39) 14 JINMI HX 
FAX 1852) 426 1602 

INDIA 

M'Cfonic Devices 
Arun Complex 
No 65 DVG Road 
Basavanagudi 
Bangalore 560 004 
Tel Oil 91 912-600 63t 
011 91 812-61 1 365 
TLX 9538453332 MDBG 



Micronic Devices 

No 516 5th Floor 

Swastik Chambers 

Sion. Tromoay Road 

CtiemDur 

Bompay 400 071 

TLX 9531 171447 MQEV 

Micronic Devices 
25/8 1st Floor 
Bada Bazaar Marg 
Old Rajmder Nagar 
New Deini 1 10 060 
Tel Oi 191 11 5723509 

T 1 9i 1 1-589771 
TLX 031-63253 MDND IN 

Micronic Devices 
6-3-348/12A Dwarakapun Colony 
Hyderabad 500 482 
Tel 011 91 842 22674B 

S&S Corporation 
1587 Kooser Road 
San Jose CA 951 18 
Tel (408) 978 6216 
TU* 820281 
FAX (40BI 978 8635 



JAPAN 

Asa hi Electronics Co Ltd 
KMW Bldg 2 14-1 Asano 
Kokurakiia ku 
Kitakyushu-shi 802 
Tel 093-51 1 -6471 
FAX 093-551-7861 

C Uoh Techno-Science Co . Ltd 
4-8-1 DoDastii. Miyamae-ku 
Kawasaki shi. Kanagawa 213 
Tel 044-B52-5121 
FAX 044-877-4268 

Dia Semicon Systems Inc 

Flower Hill Shmmacm Higashi-kan 

i 23-9 Shmmachi Setagaya-ku 

Tokyo 154 

Tel 03 435 1600 

FAX 03 439-1601 



Onaya Koki 
2 4-18 Sakae 
Naka-ku. Magoya shi 460 
Tel 052 204-2916 
FAX 052 204-2JO1 

Hyoyo Electro Corp 
Konwa Bldg 
1 12-22 Tsukni 
Cnuo-Ku, Tokyo 104 
Tel 03 548 501 1 
FAX 03 546-5044 

KOREA 

J Tek Corporation 

6ih Floor. Government Pension Bldg 

24-3 Yoido-dOng 

Youngdeungpo-ku 

Seoul 150-010 

Tel 62 2 7g0 8039 

TLX 25299 KO DIGIT 

F<\X B2-2-784 6391 

Samsung Electronics 
150 Taepyungro-2 K/i 
Chungs, Seoul 100 102 
Tel 82 2-751-3985 
TlX 27970 KOflSST 
FAX 82 2 753-0967 

MEXICO 

SSB Eleciromcs. Inc 

675 Palomar Sfeet. Bldg 4 Suite A 

Chula Vista CA 9201 i 

Te1 (619} 585-3253 

TLX 287751 CBALL UR 

FAX (619) 585-6322 

Dicopd S A 

Tocnth 368 Fracc Inti San Antonio 

Aicapouaico 

C P 02760-Mexico D F 

Tel 52-5-561-321 1 

TLX 177 3790 Oicome 

FAX 52 5-561 1279 



NEW ZEALAND 

Ema.'i Electronics 
36 Olive Road 
Penrose. Auckland 
Tei 01 l -64-9-591-155 
FAX Oil 64-9-592 681 



SINGAPORE 

Electronic Resources Re Ltd 
1 7 Harvey Road #04 01 
Singapore 1336 
Tel 2B3-0B88 
TWX 56541 EPS 
FAX 2895327 

SOUTH AFRICA 

Electronic Building Elements 

1 78 Erasmus Street (off Watermeyel Street) 

Meyerspark Pretoria. 0184 

Tel OH 2712 803 7680 

FAX 01 1 2712-B03-6294 



TAIWAN 

Micro Electronics Corporation 

5/F 5B7 Ming Stien Easi Rd 

Taipei. ROC 

Tel 8B6-2S01-B23I 

FAX 666 2 505 6609 

Sertek 

1 5/F 135. Section 2 
Cmen Juo North Rd 
Taipei 10479. ROC 
Tel (02; 5010055 
FAX (02) 5012521 
(02) 50534 14 

VENEZUELA 

P Benavices 3 A 

Avilanes a Rio 

Hesidencia Kamarala 

Locales 4 AL 7 

La Candelana. Caracas 

Tel 58-2 574-6338 

1LX 23450 

FAX sa-2-572-3321 
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UNITED STATES, Intel Corporation 
3065 Bowers Ave., Santa Clara, CA 95051 
Tel: (408) 765-8080 

JAPAN, INTEL Japan K.K. 
5-6 Tokodai, Tsukuba-shi, Ibaraki, 300-26 
Tel: 0298-47-851 1 

FRANCE, Intel Corporation S.A.R.L. 
1, Rue Edison, BP 303, 78054 Saint-Quentin-en-Yvelines Cedex 
Tel: (33) (1) 30 57 70 00 

UNITED KINGDOM, Intel Corporation (U.K.) Ltd. 
Pipers Way, Swindon, Wiltshire, England SN3 1RJ 
Tel: (44) (0793) 696000 

WEST GERMANY, Intel Semiconductor GmbH 
Dornacher Strasse 1 
8016 Feldkirchen bei Muenchen 
Tel: (49) 089/90992-0 

HONG KONG, Intel Semiconductor Ltd. 
10/F East Tower, Bond Center, Queensway, Central 
Tel: (852) 844-4555 

CANADA, Intel Semiconductor of Canada, Ltd. 
190 Attwell Drive, Suite 500 
Rexdale, Ontario M9W 6H8 
Tel: (416) 675-2105 
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